INTRODUCTION {#sec1-1}
============

Schizophrenia is a devastating psychotic illness which has both fascinated and puzzled researchers and laymen for almost a hundred years. Eugene Bleuler (1911) coined the term "schizophrenia" and also described four primary symptoms of the disorder: Association disturbance, affective disturbance, ambivalence, and autism.

The diagnosis of schizophrenia is based on the clinical symptoms which are currently described in the classification systems as positive (delusions, hallucinations, thought form disorders, disorganization, and bizarre behaviours) and negative (psychomotor poverty, poverty of speech, and blunted affect). Recent studies are giving consideration to the cognitive functions of schizophrenia which include deficits in abstraction, verbal memory, vigilance, language, and executive functions.\[[@ref1][@ref2][@ref3]\] Schizophrenia tends to run in families. Twin, family, and adoption studies of schizophrenia have demonstrated a substantial genetic component to the transmission of the disorder, but the nature of the genetic diathesis and the mode of inheritance remain to be identified. This genetic liability could be clinically unexpressed in some individuals at risk, as indicated by the study of offspring of twins discordant for schizophrenia.\[[@ref4]\] A major consequence of this uncertainty is that it cannot be determined if a given individual without schizophrenia carries a predisposing genotype. Intensive investigations of biopsychobehavioral characteristics that mark the presence of genetic predisposition to the disorder are thus required to further identify individuals at increased risk for the development of schizophrenia. According to several vulnerability models, such identification is possible. According to the most of these models,\[[@ref5]\] an accurate marker of schizophrenia vulnerability should detect ill, stabilized, or recovered patients with schizophrenia as well as unaffected individuals at a high risk for schizophrenia. It has an indisputable genetic basis, although there is still the absence of definitive genes, and the pathogenic molecular mechanisms remain unknown.

Schizophrenia, like most mental disorders, shows complex inheritance, the transmission of the disorder most likely involves several genes, and environmental factors that transmit the predisposition to the illness but not necessarily its expression. According to Egan and Goldberg, 2003,\[[@ref6]\] using the trait like variables associated with the disorder as phenotypes in genetic studies might allow us to find the susceptibility genes of disorders influenced by multiple genes. The neurobiological measures related to the underlying molecular genetics of the illness such as biochemical, endocrinological, neurophysiological, neuroanatomical, or neuropsychological markers which involve the same biological pathways as the disorder but are closer to the relevant gene action than the categorical diagnosis are known as endophenotypes. These may aid us to find people with an increased risk of complex disorders like schizophrenia. A few studies have shown the relative sensitivity and reliability of cognitive and psychophysiological markers of brain function as the susceptibility factors for schizophrenia as compared to neuroanatomical or neurochemical factors.

The present work is an exploration on cognitive impairments in unaffected siblings of patients suffering from schizophrenia with a framework that is why a mental disorder occurs in some families but not in others.

MATERIALS AND METHODS {#sec1-2}
=====================

The aims of the study were to assess neurocognitive functions in non-affected full biological siblings of patients with schizophrenia and to compare neurocognitive functions of these siblings with normal healthy controls (age, sex, and education matched).

This was a single point non-invasive study of non-affected full biological siblings of patients with schizophrenia, involving administration of a battery of neuropsychological tests to assess the cognitive function in the sibling group and a control group of volunteers with no history of psychiatric illness. The control group was matched for age, gender, and education. All subjects gave informed consent. The study was carried out from 1^st^ September, 2005 to 1^st^ August, 2006.

Sample consisted of non-affected full biological siblings of patients with schizophrenia, both new and follow-up cases from district Lucknow, attending the outpatient section of the Department of Psychiatry, C.S.M Medical University on specified days of the week. Siblings fulfilling the following selection criteria were taken up for the study.

The subjects were between the ages of 18-55 years and gave informed consent. The subject should have had at least 8 years of formal education, according to Indian Standards, and had no history of Bipolar Affective Disorder, Obsessive Compulsive Disorder, Psychosis other than Schizophrenia in the family (clinically assessed for available siblings and on the basis of history for those not available). They must have scored 3 or less on General Health Questionnaire, 12 item version.\[[@ref7]\]

Exclusion criteria for subjects included History of current or past psychiatric illness, history suggestive of significant physical disorder which can cause cognitive impairment such as: Seizures, cerebrovascular disorders, dementia, neurodegenerative disorders, systemic illness with known cerebral consequences, either presently or in past, significant head injury, current or past history of any substance abuse or dependence, current use of medications impairing cognition like tricyclic antidepressants, antipsychotics, anti-epileptics, benzodiazepines and lithium, and physical problems that would render study measure difficult or impossible to administer or interpret, e.g., blindness, hearing impairment, paralysis in upper limbs.

The members of the control group were selected from friends of the patients and from healthy volunteers fulfilling the following selection criteria. They were group matched with the sibling group for age, gender, and education.

On specified days in adult Psychiatry O.P.D. C.S.M.M.U. patients (old and new) diagnosed as a case of Schizophrenia from district Lucknow were screened for the availability of the siblings. The diagnosis of schizophrenia was ascertained on detailed clinical evaluation using ICD-10 DCR. The available unaffected siblings were ranked in the order of birth. One of the available siblings was randomly taken after applying the random number tables. Informed consent was taken and information regarding details of identification data, demographic profile, past history, negative history, family history, personal history, and physical examination was obtained on the semistructured proforma. General Health Questionnaire, 12 item version was applied and the sibling was then assessed in detail on the Schedules for Clinical Assessment in Neuropsychiatry (SCAN) to rule out any psychopathology or psychiatric illness. Selection criteria were applied. If found eligible; he/she was included in the study. If not eligible the next available sibling was randomly taken after applying the random number tables and assessment for participation in the study was done after taking the informed consent. Computer based cognitive tests: Wisconsin Card Sorting Test (WCST), Continuous Performance Test (CST), and Spatial Working Memory Test (SWMT) were administered by an investigator on the same day of inclusion so as to avoid loss at follow up or on a mutually convenient day if the subject was not willing to be tested on the same day or if there were more than one sibling included on the same day. The same investigator applied the tests in both the sibling and the control groups. The investigator was aware of the status of the sibling/control group.

For controls, informed consent from healthy attendants (other than first degree relatives) of indoor patients was taken and they were group matched with the sibling group for age, gender, and education. General Health Questionnaire, 12 item version was applied and the subject was then assessed in detail on the SCAN to rule out any psychopathology or psychiatric illness. Selection criteria were applied. If found eligible; he/she was included in the study. Same tests as the sibling group were then applied to the control group on either the same day or on a mutually convenient day.

RESULTS {#sec1-3}
=======

In this study a total of 120 patients of schizophrenia were screened for the presence of siblings. No siblings were available for 25 of these patients. Out of the siblings that were available, 43 fulfilled the selection criteria but 7 did not complete the assessment. A total of 50 controls were screened and 14 did not meet the inclusion criteria. Therefore, we had 36 siblings and control each. [Table 1](#T1){ref-type="table"} shows the comparison of the sibling group and control group on various demographic parameters based on the parameters of age, gender, and education. In all the three parameters, the '*P*' values were more than the significance limit (0.05) and thus the groups were not statistically different from each other on these parameters.

###### 

Comparison of sociodemographic variables (siblings and control group)

![](IJPsy-55-331-g001)

As shown in [Table 2](#T2){ref-type="table"}, the sibling group performed poorly as compared to the controls on all the parameters of WCST.

###### 

Comparison between siblings and controls on WCST
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On CPT, the siblings had higher number of wrong and missed responses and greater response time as compared to the controls \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison between siblings and controls on CPT
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As shown in [Table 4](#T4){ref-type="table"} on SWMT, as compared to the control group, the sibling group made statistically significant less correct responses at 20 second (*P*\<0.01) and more non-adjacent errors at 0 seconds and after 20 seconds (*P*\<0.01 each).

###### 

Comparison between siblings and controls on SWMT
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The siblings were then divided on the basis of the type of schizophrenia their siblings (index probands) were suffering from \[[Table 5](#T5){ref-type="table"}\]. The siblings of most of the subjects who were screened were suffering from undifferentiated schizophrenia (55.65%), whereas the rest were suffering from paranoid (30.56%) and catatonic (13.89%) schizophrenia.

###### 

Type of schizophrenia in index probands

![](IJPsy-55-331-g005)

The results of these groups on WCST, CPT, and SWMT were compared to each other. On WCST, the comparison of the results of siblings of different schizophrenia groups on the Trials administered (*P*=0.257), percentage of total errors (*P*=0.327), percentage of perseverative errors (*P*=0.146), percentage of non-perseverative errors (*P*=0.860), percentage of perseverative responses (*P*=0.115), percentage of conceptual level response (*P*=0.241), categories completed (*P*=0.054), and trials to complete 1^st^ category (*P*=0.501) did not show any significant differences. On CPT, siblings from different groups performed comparably on the number of wrong responses (*P*=0.869), missed responses (0.746), and mean response time (0.374). The number of correct responses (*P*=0.435) and non-adjacent errors (*P*=0.672) on immediate response (zero second delay) in SWMT did not show any significant differences among the different types of schizophrenia. Similarly, correct responses (*P*=0.489) and non-adjacent errors (*P*=0.661) after 20 seconds delay in SWMT were similar among the different groups. No significant difference was found on any of the test amongst the siblings based on the type of schizophrenia in the index probands. Thus, the sibling group was taken to be a homogenous group with regard to the cognitive functions.

DISCUSSION {#sec1-4}
==========

The present study was designed to assess the neuro-cognitive functions in unaffected full biological siblings of patients with schizophrenia, and to compare them with that of an age, gender, and education matched normal control group. Patients and controls had to satisfy rigorous selection criteria for entering the study. The control group was selected from friends of patients and healthy volunteers. They were well matched for age, gender, and education status so that the confounding factors for assessment of cognitive functions and functional disability may be minimized. The matching also allowed the use of raw scores of tests like WCST. The selection criteria for controls were also kept as similar to the sibling group as possible, so that the differences in the cognitive functioning of the two groups could be attributed to genetic sharing between the unaffected sibling and the sibling suffering from schizophrenia. To avoid any bias on the socio-cultural grounds, the controls were mostly recruited from the friends of the patients.

Amongst the sibling group mean education was 10.56±2.13 years. Siblings educated for less than 13 years were 86.11% (31 out of 36) and 61.11% (22 out of 36) were educated for less than 11 years. Low mean years of education could be due to the fact that this hospital is a government hospital providing medical facilities at a low cost, thus most patients are less educated, from low socioeconomic status and rural background and also as a whole the literacy rates in India are lower than the western countries. As the study was conducted at only one center, these findings cannot be generalised.

Maximum numbers of patients were in the age group of 18-25 years (63.89%), with only two patients above the age of 45 years. This finding is in conformity with an occurrence of schizophrenia in a younger age group and these patients attending the psychiatry out-patient department. Age is associated with progressive decline in cognitive functions; age *per se* is a significant confounder for cognitive impairment.\[[@ref8]\] Age factor could possibly confound the generalized cognitive deficits found in the study. However, the "younger" age sample in our study suggests that the deficits, if found, would be least affected by age associated cognitive impairment if at all.

The neurocognitive tests done in the study comprised of WCST, SWMT, and CPT. These tests were chosen because evidence has suggested differential impairment especially in cognitive domain related to frontal system, executive, and attention systems and medial temporal memory system. Moreover, these measures are important with regard to outcome. The computerized version of these test ensured greater reliability, objectivity, and standardization, less confrontational and formal approach. Moreover, it allowed the clinical assessors to have more time to focus on the patients rather than upon the presentation of the test material and data.

On the WCST the sibling group performed poorly when compared with healthy controls and that too statistically significantly. They made more number of errors which implies that they had more difficulty in understanding the concept of the test (*P*=0.000). Among the errors the siblings made significantly more number of non- perseverative errors (*P*=0.000), as well as, perseverative errors (*P*=0.004), which implies that either they were not interpreting the feedback properly or they were matching the cards without any concept in mind and also that they had difficulty in shifting between categories, although they were receiving the feedback to do so. The siblings made significantly less number of conceptual responses (*P*\<0.000) further supporting the notion that their understanding of the test was poorer than the controls. The sibling group also took significantly more trials to complete the first category (*P*=0.005) indicating that the patients initially had more problem in understanding the test than the controls. Significant deficits were found in all the parameters which reveal a global deficit of executive functioning in the non-affected siblings of schizophrenia patients, thus suggesting that such siblings have difficulty in set shifting, in planning, problem solving, understanding of the problem, concept formation, and trial and error learning. These findings are represented clinically in the poor psychosocial functioning of the patients. Other studies of WCST in relatives\[[@ref9][@ref10][@ref11][@ref12]\] are consistent with our finding of increased perseveration scores in unaffected siblings compared to controls. In contrast, some studies have reported no significant differences between relatives and controls on WCST perseverative scores.\[[@ref13][@ref14][@ref15]\] The sources of variation across studies may be due to sample and/or statistical variation. Thus, although our current findings are clear in suggesting that siblings of schizophrenia patients show increased WCST perseverative errors and therefore that this measure may be sensitive to the genetic liability to schizophrenia, our findings cannot be generalized due to small sample size.

It has been shown that tasks like WCST activate a neural network that includes important areas of brain such as dorsolateral region of prefrontal cortex.\[[@ref1][@ref16]\] These regions have numerous connections with the cortical systems involved in information processing. Poor WCST performance that is well known in schizophrenia is thought to reflect prefrontal cortical dysfunction.\[[@ref17][@ref18]\] So, as previously suggested by others,\[[@ref19][@ref20]\] the observation of poor WCST performance in the sibling group could implicate similar prefrontal dysfunction.

In our study, on the test for attention, vigilance and concentration abilities -- the CPT, the sibling group made significantly more wrong responses, i.e., the errors of commission (*P*=0.000), more missed response, i.e., errors of omission (*P*=0.001) and showed a significantly slower response (*P*=0.022) than the control group. The findings of previous studies of attention in siblings of patients with schizophrenia have been mixed. The largest such study, that of Chen *et al*. 1998,\[[@ref21]\] found significant group differences, as have several others.\[[@ref22][@ref23]\] On the other hand, many\[[@ref24][@ref25]\] have found differences only with more difficult versions of the CPT. The frontal and the cingulate cortex are crucial for the activity of generating internal cues for initiating, planning, and monitoring behavioral responses, the basal ganglia, in turn, are partly responsible for the gating mechanisms of both inner and external sensory input. Although only a few studies have studied this, the results have shown abnormalities expressed as exaggerated functioning in the prefrontal cortex,\[[@ref26]\] or reductions in this functioning.\[[@ref27]\] Another study\[[@ref28]\] supported the view that functioning of the thalamic nuclei was increased compared with control subjects during a working memory task. The exaggerated activation may reflect the reduced thalamic volume that has been observed in relatives with schizophrenia patients.\[[@ref29]\]

The sibling group performed significantly worse than control group on SWMT involving visual memory for prior actions. The performance was significantly poor on the pattern recognition test as compared to control subjects at zero second delay, as shown by the significantly more non-adjacent errors (*P*=0.006) committed by the sibling group at zero second delay. The correct responses were significantly less in the patient group after 20 s delay, but not at zero second delay. Significant deficits were found in the ability to recognize the spatial locations of a set of stimuli reported after a delay of 20 s; both in the correct responses (*P*=0.001) and nonadjacent errors (*P*\<0.002). The findings match most of the previous studies.\[[@ref30][@ref31]\]

The deficits in spatial working memory in sibling group as suggested by the study, point toward the involvement of dorsal and ventral streams of neural connections originating at posterior regions. Significant hypoactivation has been found in schizophrenia patients particularly in the right hemisphere, in the dorsolateral frontal, and temporal regions and in the inferior parietal, and subcortically in the thalamus.\[[@ref32]\]

On comparing the sibling groups based on the type of schizophrenia in the index probands, our study did not show any significant difference in the cognitive functioning between the three groups. However, some studies have shown contrasting results from our study. Auslander *et al*., 2002,\[[@ref33]\] reported greater impairment of cognition in non-paranoid group when assessed for disturbed thinking and cognition using Ego Impairment Index (EII) in older paranoid and non-paranoid schizophrenia patients. Similarly, Patrick *et al*., 1990\[[@ref34]\] in a study reported that paranoid schizophrenics performed within the same range as normal on cue recognition whereas non-paranoid schizophrenic adults performed significantly below normal controls on cue recognition and suggested these findings to have relevance for understanding the attention deficit in social situations seen in patients with schizophrenia.

The results of the study should be interpreted in view of the following limitations. Due to the constraints of a time bound study and because of the stringent selection criteria, the sample size was small and hence the results are subjected to Type II error. The study is a cross-sectional study, to further clarify the state trait controversy longitudinal studies are needed. The study involved a single investigator who was not blind to the status of the participant, however, the test was done on a computer and the investigator had no active role in conducting or evaluating the results of the tests.

The sample of unaffected siblings was relatively small and may represent a biased proportion of the sibling population (it might have been the case that 'healthy', high-functioning siblings could not participate). Moreover, although the subjects for the study project were randomly selected and carefully evaluated, they mainly came from families which attended our outpatient clinic and therefore represent only the part of all schizophrenia cases, making it difficult to apply results to generalized population.

Relatives share environments as well as genes. Thus, any deficits observed may reflect shared genetic or environmental effects. Although there is little evidence for shared environmental effects in schizophrenia in general, such effects could not be completely ruled out. It is possible that modelling with factors of bias potential (e.g., shared deviant rearing environment or gene-environmental interaction) would have given different results and in part explains those features that were assumed to be genetically inherited.

Despite the above limitations the present study has few strengths when compared to many other studies in this area. Many confounding factors such as age, gender, significant physical illness, psychiatric conditions, substance use, and medication affecting cognition (e.g., benzodiazepines) were taken care of thus enabling the maximum attribution of the results to genetic sharing between the sibling and the index proband. The computerized version of these test were an added advantage as they ensured greater reliability, objectivity and standardization, less confrontational, and formal approach. Moreover, it allowed the clinical assessors to have more time to focus on the patients rather than upon the presentation of the test material and data.

Our inclusion of only adult siblings as first degree relatives for assessment offers advantages\[[@ref19]\] as compared to children at high risk study or including parents of those suffering from schizophrenia because adults may have already reached the peak age of risk for schizophrenia, having a parent with schizophrenia, might interfere more with cognitive development than having a sibling with schizophrenia, age-linked stratification bias is reduced. Our siblings will not be affected by general decline in cognition seen with age which would have been the case if parents of those who are suffering from schizophrenia would have been included.

Future studies should focus on finding out specific neurological deficits as endophenotypes so that those at risk of developing schizophrenia could be identified early before the onset of illness. Studies should also focus on correlating these deficits with structural changes in the brain of these individuals at risk. Studies are also required to comment, whether optimizing the prophylactic pharmacological treatment and psycho education might reduce cognitive impairment, and whether it could be possible to reduce the risk of schizophrenia in those at risk. Further studies also required if siblings would benefit from neuropsychological rehabilitation in order to reduce the impact of cognitive impairment in their overall functioning.

CONCLUSION {#sec1-5}
==========

Our study revealed that the siblings of patients of schizophrenia performed poorly as compared to the controls, which is in keeping with the findings of previous studies. No significant differences were found in the cognitive performance of siblings of index cases suffering from different types of schizophrenia. However, these findings must be corroborated by further studies in future possibly with a greater sample size so that these findings could be applied to the general public.
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